Introduction
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The restoration of degraded ecosystems is an important strategy to mitigate the negative 64 impacts of human activities on Earth. Grassland restoration is widely applied in nature 65 conservation to increase landscape connectivity, create habitats for plants and animals and 66 restore important ecosystem functions and services (Cole et al. 2019) . The best practices for 67 the fast and successful restoration of grasslands characterised by high cover of perennial 68 grasses and low cover of weeds are well developed and widely applied (Kiehl et al. 2010; 69 Török et al. 2011) . 70 71 In many cases, introduction of seeds in restoration sites is crucial for guaranteeing restoration 72 success, and to ensure the colonisation of the target grassland species. Seed sowing is 73 especially recommended in large restoration sites in human-modified landscapes and in areas 74 subjected to long-lasting or severe degradation, where the restoration potential of seed bank is 75 limited (Török et al. 2018) . Dry grasslands in general have a low-density seed bank, 76 characterised by transient seeds, and containing just a few persistent seeds of only a few 77 typical grassland species (Bossuyt & Honnay 2008; Kiss et al. 2016) . Therefore, seed sowing 78 is a widely applied propagule introduction method in dry grassland restoration projects. 79 However, the availability of seed material from regional provenance is often a major limiting Sowing a grass-dominated seed mixture guarantees a directed vegetation development and a 84 cost-effective way of restoration (Kiehl et al. 2010; Török et al. 2011; Valkó et al. 2016b ). In 85 3 such projects the most challenging task is to select the proper species from local provenance 86 and proper density (van der Mijnsbrugge et al. 2010; de Vitis et al. 2017) . After sowing the 87 proper seed mixture, we can expect a fast and successful grassland recovery (Baer et al. 2002; 88 Deal et al. 2014; Török et al. 2010) . Even though the initial vegetation after sowing is usually 89 characterised by weeds emerging from the seed bank of the formerly degraded areas, sown 90 grasses can competitively exclude them from the aboveground vegetation after two or three 91 years (Török et al. 2010) . Therefore, if the seed material and proper machinery is provided, 92 seed sowing can be a universally feasible tool for restoring basic grassland vegetation even on 93 large spatial scales.
95
The long-term maintenance of restored grasslands is a more challenging task. First, low-96 diversity communities in general are more sensitive to disturbances because they are less 97 stable than high-diversity communities (Oliver et al. 2015) . Greater species richness promotes 98 stability, because there are high number of species that respond differently to the 99 environmental fluctuations, so the decline of one of them could be compensated by the 100 strengthening of another one (Lepš 2004) . Second, the legacy of the former degradation, 101 especially in the form of the seed bank of weeds, acts as a threat for future degradation in the 102 species-poor restored grasslands (Halassy 2001; Walker et al. 2004; Török et al. 2012) .
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Finally, the dense grass sward hampers the establishment of target grassland species, but if the 104 grassland is severely disturbed, there is a higher chance for the establishment of the weeds 105 due to their increased propagule availability (Valkó et al. 2016a; Klaus et al. 2018) .
106
Considering these threats, it is crucial to develop long-term management strategies to mitigate 107 the degradation of the restored grasslands (Kelemen et al. 2014) . Regular mowing or grazing 108 is essential to control weed encroachment and litter accumulation and also for creating 
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Restoration project 147 148 In the study area, in total 760 hectares of grasslands were restored on former croplands, which 149 was one of the largest grassland restoration projects in Europe (LIFE 04 NAT HU 119). The are typical in the region, their seeds were available from regional provenance, and they are 159 good competitors which can suppress weeds.
161
Vegetation sampling 162 163 We selected twelve restored grasslands for the study, seven of them were alkaline and five 164 were loess grasslands. We designated two 5 m × 5 m-sized sites in each grassland. One of the November. Samples were watered regularly, but from mid-July to mid-August we included a 185 drought period when we did not water the pots in order to break dormancy of ungerminated 
206
Site was included as random factor. Dependent variables for the vegetation were total species 207 richness, and the cover of annual species, perennial species, weeds, sown grasses and unsown 208 target species. For the seed bank, we included total species richness, and the seedling number Vegetation characteristics 219 220 Total species richness was not affected by management and grassland type (Table 1, 221 Figure 1a ). The cover of unsown target species was similarly low regardless of management 222 and grassland type (Table 1, Figure 1b ). The cover of weeds was affected by the management 223 and the grassland type (Table 1 ). The highest cover of weeds was recorded in the alkaline 224 grasslands and in the abandoned sites (Figure 1c ). The cover of sown grasses was affected by 225 management and the interaction of management and grassland type (Table 1) ; the highest 226 values were detected in the mown sites and the lowest cover of sown grasses was detected in 227 the abandoned alkaline grasslands (Figure 1d ).
229
Seed bank characteristics 230 231 The species richness of the seed bank was affected by management and grassland type 232 (Table 1 ). The highest species richness was recorded in the mown grasslands. Seed density 233 was affected by management and the interaction of management and grassland type (Table 1) , 234 being the highest in the mown and alkaline grasslands (Figure 2c ). Seed density decreased due 235 to abandonment in the loess grasslands (Figure 2a ). In total 5045 seedlings germinated from 236 the seed bank samples. Total seed density ranged between 3183 and 89,127 seeds/m 2 , mean 237 seed density was 13,939 seeds/m 2 . Management and the interaction of management and 238 grassland type affected the seed density of weeds (Table 1 ). The highest number of weed 239 seedlings was found in the abandoned alkaline grasslands (Figure 2d ). Both management and 240 grassland type affected the seed density of sown grasses (Table 1) , the highest scores were 241 found in the mown and alkaline grasslands (Figure 2e ). The seed density of target species was 242 higher in the mown sites and decreased significantly due to abandonment in the loess 243 grasslands (Table 1, Figure 2f ). 246 247 We found 165 species in the study sites. 106 species were recorded in the vegetation and 129 Our study confirmed that the cessation of post-restoration management represents a major 275 threat for the restored grasslands. We found that abandoned grasslands are characterised by a 276 lower cover of perennial grasses and higher cover of weeds compared to mown ones, which 277 partly confirmed our first hypothesis. We did not detect a decline in species richness due to 278 abandonment, which is likely due to the generally low species richness of the studied mown 
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Species composition of the vegetation and the seed bank
285
We found that abandoned alkaline and loess grasslands showed distinct vegetation 286 composition: alkaline grasslands were mainly characterized by weeds while loess grasslands 287 were characterised by the high cover of the sown grasses. This is partly confirmed our second 288 hypothesis as we found that grassland type affected the vegetation and seed bank of 289 abandoned grasslands. We expected that restored loess grasslands are more sensitive to the Our study confirmed the limited potential of soil seed bank in the maintenance of species 305 richness of the restored alkaline and loess grasslands. In general, the seed bank was 306 dominated by weeds and there were only a few target species (see also Klaus et al. 2018; 307 Wagner et al. 2018) . The similarity of the species composition of vegetation and seed bank 308 was low, as was found in other restored grasslands (Rayburn et al. 2016; Godefroid et al. 309 2018). Thus, it is likely that abandonment affects the vegetation and seed bank through 310 different mechanisms. Contrary to our third hypothesis, we found that five years of 311 abandonment had a larger effect on the seed bank than on the vegetation. Abandonment had a 312 significant effect on all seed bank characteristics. In abandoned grasslands, we found a This was supported by the decreased cover of target grass species in the abandoned sites.
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Our findings demonstrated that post-restoration management is important to maintain the 326 cover of sown grasses and suppress weed species. We found that abandonment leads not only 327 to the encroachment of weed species in the vegetation, but also to the build-up of their seed 328 bank; these two synergic processes pose a considerable threat for the sustainability and 
